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1

RECONFIGURABLE MULTI-MODE ACTIVE
ANTENNA SYSTEM

TECHNICAL FIELD

This invention relates generally to the field of wireless
communications; and more particularly, to an active antenna
system 1including an active antenna associated with an
antenna tuming module, the active antenna system being
adapted to provide robust multi-band operation.

BACKGROUND ART

Current and future communication systems will require
antenna systems capable ol operation over multiple fre-
quency bands. Efliciency improvements in the antenna sys-
tem will be needed to provide better overall communication
system performance, for example, increased antenna efli-
ciency will translate into greater battery life 1n a mobile
wireless device. For Multiple Input Multiple Output
(MIMO) applications, 1solation between multiple antennas
as well as de-correlated radiation patterns will need to be
maintained across multiple frequency bands. Closed loop
active 1mpedance matching circuits integrated into the
antenna will enable capability to dynamically impedance
match the antenna for a wide variety of use conditions, such
as the handset against the user’s head for example. These
and other requirements continue to drive a need for dynamic
tuning solutions, such as active frequency shifting, active
beam steering, and active impedance matching, such that
antenna characteristics may be dynamically altered for

improving antenna performance.
Commonly owned U.S. Pat. No. 7,911,402, issued Mar.

22, 2011, and titled “ANTENNA AND METHOD FOR
STEERING ANTENNA BEAM DIRECTION”, describes a
beam steering techmque wherein a single antenna 1s capable
of generating multiple radiating modes. In sum, this beam
steering technique 1s effectuated with the use of a driven
antenna and one or more oflset parasitic elements that alter
the current distribution on the driven antenna as the reactive
load on the parasitic 1s varied. Multiple modes are generated,
and thus this technique can be referred to as a “modal
antenna technique”, and an antenna configured to alter
radiating modes 1n this fashion can be referred to as an
“active multimode antenna” or “active modal antenna™.
FIGS. 7(A-D) 1illustrate an example of an active modal
antenna 1n accordance with the "402 patent, wherein FIG.
7A depicts a circuit board and a driven antenna element
disposed thereon, a volume between the circuit board and
the driven antenna element forms an antenna volume. A first
parasitic element 1s positioned at least partially within the
antenna volume, and further comprises a first active tuning
clement coupled therewith. The first active tuning element
can be a passive or active component or series of compo-
nents, and 1s adapted to alter a reactance on the first parasitic
clement either by way of a variable reactance, or shorting to
ground, resulting i a frequency shift of the antenna. A
second parasitic element 1s disposed about the circuit board
and positioned outside of the antenna volume. The second
parasitic element further comprises a second active tuning
clement which individually comprises one or more active
and passive components. The second parasitic element 1s
positioned adjacent to the driven element and yet outside of
the antenna volume, resulting i an ability to shift the
radiation pattern characteristics of the driven antenna ele-
ment by varying a reactance thereon. This shifting of the
antenna radiation pattern can be referred to as “beam steer-
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ing”. In instances where the antenna radiation pattern com-
prises a null, a similar operation can be referred to as “null
steering” since the null can be shifted to an alternative
position about the antenna. In the illustrated example, the
second active tuning element comprises a switch for short-
ing the second parasitic to ground when “On” and for
terminating the short when “Off”. It should however be
noted that a variable reactance on either of the first or second
parasitic elements, for example by using a variable capacitor
or other tunable component, may further provide a variable
shifting of the antenna pattern or the frequency response.
FIG. 7B illustrates the frequency (I,) of the antenna when
the first and second parasitic are switched “Ofl””; the fre-
quency (1,) of the antenna when the first parasitic 1s shorted
to ground; and the frequencies (1,; ;) when the first and
second parasitic elements are each shorted to ground. FIG.
7C depicts the antenna radiation pattern when both the first
and second parasitic elements are “Off” (mode 1); and FIG.
7D depicts the antenna radiation pattern when both the first
and second parasitic elements are shorted “On” (mode 2).
Note that the radiation pattern of “mode 2”7 i FIG. 7D
represents a shift of 90° 1n the antenna radiation pattern
when compared to the 1nitial pattern of the antenna in “mode
17 as 1llustrated 1n FIG. 7C. Further details of this type of
modal antenna can be understood upon a review of the 402
patent.

An early application identified for use with such active
modal antennas includes a receive diversity application

described in commonly owned U.S. patent application Ser.
No. 13/227,361, filed Sep. 7, 2011, and titled “MODAL

ANTENNA WITH CORRELATION MANAGEMENT
FOR DIVERSITY APPLICATIONS”, wherein a single
modal antenna can be configured to generate multiple radi-
ating modes to provide a form of switched diversity. Certain
benelits of this technique 1nclude a reduced volume required
within the mobile device for a single antenna structure
instead of a the volume required by a traditional two-antenna
receive diversity scheme, a reduction 1n receive ports on the
transceiver from two to one, and the resultant reduction in
current consumption from this reduction in receive ports and
associated conductive surfaces.

With Multiple Input Multiple Output (MIMO) systems
becoming increasingly prevalent in the access point and
cellular communication fields, the need for two or more
antennas collocated 1n a mobile device or small form factor
access point are becoming more common. These groups of
antennas 1 a MIMO system need to have high, and pret-
erably, equal efliciencies along with good 1solation and low
correlation. For handheld mobile devices the problem 1is
exacerbated by antenna detuning caused by the multiple use
cases ol a device: hand loading of the cell phone, cell phone
placed to user’s head, cell phone placed on metal surface,
etc. For both cell phone and access point applications, the
multipath environment 1s constantly changing, which
impacts throughput performance of the communication link.

Commonly owned U.S. patent application Ser. No.

12/894,052, filed Sep. 29, 2010, and ftitled “ANTENNA
WITH ACTIVE ELEMENTS”, describes an active antenna
wherein one or multiple parasitic elements are positioned
within the volume of the driven antenna. FIG. 7F 1llustrates
an antenna with active elements 1n accordance with an
embodiment, wherein the antenna 10 comprises a radiating
clement 11 positioned above a circuit board 13 to form an
antenna volume therebetween, a first parasitic element 12 at
least partially disposed within the antenna volume, and an
active tuning element 14 coupled to the parasitic element.
The impedance at the junction of the parasitic element and
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the ground plane 1s altered to effectuate a change i the
resonant frequency of the antenna. For a driven antenna that
1s designed to contain multiple resonances at several fre-
quencies, the multiple resonances can be shifted in fre-
quency utilizing one or multiple parasitic elements. This
results 1n a dynamically tunable antenna structure where the
frequency response can be altered to optimize the antenna
for transmission and reception over a wider frequency range
than could be serviced by a passive antenna.

These and other active modal antenna techniques drive a
need for a module or other circuit having active components
for coupling with or integrated into the antenna. Such active
components may include tunable capacitors, tunable induc-
tors, switches, PIN diodes, varactor diodes, MEMS switches
and tunable components, and phase shifters. Additionally,
passive components may further be incorporated into such
modules and other circuits for driving active antennas,
whereas the passive components may include capacitors,
inductors, and transmission lines with fixed and variable
clectrical delay for tuning the antenna. Accordingly, there 1s
a present and ongoing need for modules or circuits for
coupling with these and other active modal antennas.

SUMMARY OF THE INVENTION

A reconfigurable antenna system 1s described which com-
bines active and passive components used to impedance
match, alter the frequency response, and change the radia-
tion pattern of an antenna. Re-use of components such as
switches and tunable capacitors make the circuit topologies
more space and cost eflective, while reducing complexity of
the control signaling required. Antenna structures with
single and multiple feed and/or ground connections are
described and active circuit topologies are shown for these
configurations. A processor and algorithm can reside with
the antenna circuitry, or the algorithm to control antenna
optimization can be implemented 1n a processor within the
host device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a reconfigurable active antenna system
utilizing a modal antenna and antenna tuning module (ATM)
in accordance with an embodiment.

FIG. 2 illustrates a reconfigurable active antenna system
utilizing a modal antenna and ATM in accordance with
another embodiment.

FIG. 3 illustrates a reconfigurable active antenna system
utilizing a modal antenna and ATM, with the algorithm
resident in the ATM.

FIG. 4 illustrates a reconfigurable active antenna system
comprising a modal antenna which utilizes two parasitic
clements: parasitic 1 1s positioned beneath the multi-band
antenna and 1s used to alter the frequency response of the
antenna; parasitic 2 1s positioned 1n proximity to the antenna
and 1s used to alter the radiation pattern of the antenna.

FIG. 5 illustrates a reconfigurable antenna system com-
prising a modal antenna which utilizes multiple parasitic
clements, a plurality of which being positioned beneath the
antenna structure for altering the frequency and a plurality of
parasitic elements being in proximity to the antenna to alter
the radiation mode.

FIG. 6 1llustrates a reconfigurable antenna system com-
prising a modal antenna which utilizes a first parasitic
clement positioned beneath the antenna structure for altering
the frequency, and a second parasitic element 1n proximity
to the antenna to alter the radiation mode.
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FIGS. 7(A-F) illustrate three active antenna techniques
that can be i1mplemented individually or combined to
assemble a more capable antenna system, including an
antenna configured for beam steering, an antenna with active
elements, and an active matched antenna.

FIGS. 8(A-B) illustrate an n-port ATM wherein the feed

and ground connections can be dynamically altered to
optimize antenna performance.

FIGS. 9(A-C) 1llustrate a reconfigurable antenna topology
wherein a multi-port switch 1s coupled to a radiator to form
a planar mverted f-antenna (PIFA) or 1solated magnetic

dipole (IMD) element.

FIGS. 10(A-C) 1llustrate a reconfigurable antenna topol-
ogy wherein two ground connections are configured on an
antenna with a tunable capacitor coupled to ground G1.

FIG. 11 1llustrates a four antenna system configured to use
the same tunable capacitor to tune the antenna.

FIG. 12 1llustrates a two antenna system configured to use

the same tunable capacitor to tune the antenna.

FIGS. 13 (A-B) illustrate a reconfigurable antenna topol-
ogy wherein a multi-port switch provides the capability of
connecting or disconnecting a ground connection to the
antenna, resulting 1n a monopole or PIFA type radiators.

FIGS. 14(A-B) illustrate a reconfigurable antenna topol-
ogy wherein a multi-port switch provides the capability of
varying the length of a radiating element, resulting in an
antenna that 1s optimized at several frequencies.

FIG. 15 illustrates a reconfigurable antenna topology
wherein a multi-port switch 1s coupled to the antenna to
provide the capability of varying electrical length of the
ground connection.

FIG. 16 1illustrates a reconfigurable antenna topology
wherein a two-port switch 1s coupled to the antenna to
provide the capability of selecting two feed locations.

FIG. 17 illustrates a technique which provides dual use of
a tunable capacitor.

FIG. 18 1llustrates the technique shown i FIG. 16 with
the addition of an inductor at the junction of the transmission
line and the parasitic element beneath the IMD antenna.

FIG. 19 illustrates a method of dielectric loading the
antenna 1n the region between the antenna and the parasitic
clements positioned beneath the antenna.

FIG. 20 illustrates a method of dielectric loading the
antenna 1n the region between the antenna and the parasitic
clements positioned beneath the antenna.

FIG. 21 1llustrates an integrated method of fabricating an
active antenna wherein the module containing active and
passive components 1s attached directly to the dielectric
support structure of the antenna.

FIG. 22 shows an antenna architecture including an
antenna, and ST Module at a first ground connection, a
second ground connection; and a tunable component for
matching the feed point of the antenna.

FIG. 23 shows the ST Module of FIG. 22 in further detail.
FIG. 24 1llustrates an STT Module.
FIG. 25 1llustrates the STT Module 1n further detail.

DESCRIPTION OF EMBODIMENTS

A reconfigurable active antenna system 1s provided. The
antenna system 1s adapted to incorporate one or more
dynamic impedance matching, band switching, and beam
steering techniques in a variable feed and ground connection
geometry suilicient to provide improved communication
link performance by mimmizing mismatch loss at the
antenna/front end module interface.
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In one embodiment, a modal antenna comprises passive
and active components to enable multiple functions to
include open and closed loop impedance matching, band
switching of the antenna structure, a null steering function
where multiple radiation patterns can be generated from the
single antenna, and an algorithm to control and optimize the
antenna system. The active elements are assembled into an
antenna tuning module (ATM). The tuning functions incor-
porated into the modal antenna provide for a reconfigurable
antenna that can be optimized for a wide varnety of devices
and form factors. The number of feed and ground connec-
tions on the antenna structure can be varied by the ATM to
extend the frequency bandwidth of the antenna system or
improve communication link performance.

A microprocessor 1s integrated into the antenna module to
allow for full control of the tuning functions required of the
antenna system. Alternately, the microprocessor can operate
in conjunction with the processors in baseband and other
portions of the host wireless device.

The tuning functions designed into the module provide an
antenna system that adapts to environmental changes such as
head and hand eflects. A Modal antenna function which
results 1n beam steering 1s mcorporated nto the antenna to
provide multiple radiation pattern states for link quality
improvement. Alternatively, the beam steering function can
be used to modily antenna parameters to improve 1solation
between pairs of antennas or to reduce SAR (Specific
Absorption Rate) and/or HAC (Hearing Aid Compatibility).

The antenna module 1s capable of both open and closed
loop operation. For example, band switching, where the
frequency response of the antenna 1s changed to allow the
antenna to operate 1n another band, can be implemented
open loop, with no correction for environmental effects. An
example of closed loop operation 1s when the active match-
ing circuit in the ATM 1s adjusted based upon metrics related
to environmental eflects such as retlected power monitored
in the ATM and commands sent to the active component 1n
the matching circuit to correct for impedance mismatch of
the antenna. Additionally, information from proximity sen-
sors can be used by the algorithm to alter antenna perfor-
mance to better optimize the antenna to the current use
condition.

The antenna tuning module can be configured for antenna
topologies that contain a single feed point and single ground
point or multiple feed and ground point locations. One
example of the use of multiple ground points 1s an antenna
topology wherein one ground point on the antenna 1s con-
nected directly to ground and a second ground point 1s
connected to a switch, with the switch connecting or dis-
connecting the antenna to ground. One or multiple passive
or tunable components can be connected to the antenna
ground point and the switch, or between the antenna switch
port and the ground. By activating the switch the second
ground point can be varied to shift the frequency response of
the antenna. Alternately, the antenna impedance can be
altered by activating the switch on the second ground point
to tune the antenna for the frequency of interest or the
current use condition.

In another embodiment, a two feed point configuration
can be implemented wherein the first feed point and second
teed points are coupled to a multi-port switch. The common
port of the switch 1s connected to the transceiver and a
tunable capacitor can be implemented on the first feed point
and a fixed, passive matching circuit can be implemented on
the second feed point. The feed point locations on the
antenna element can be selected to optimize antenna per-
formance for specific frequency bands or groups of bands,
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with the passive or tunable matching circuits optimized for
these frequency bands. Alternately, tunable capacitors can be
implemented on both the first and second feed points, with
the tunable capacitor characteristics optimized for the fre-
quency bands serviced by each feed point.

In another embodiment, a novel technique can be 1mple-
mented wherein a single tunable capacitor 1s configured to
provide both a tunable matching circuit and a band switch-
ing function on an antenna. This can be realized by locating
a tunable capacitor 1n a matching circuit at the feed point of
an antenna. One end of a transmission line can be coupled
to the tunable capacitor, with the other end of the transmis-
sion line coupled to a parasitic element positioned in prox-
imity to the antenna to band switch the antenna. Changing
the capacitance of the tunable capacitor will result n a
change 1n impedance of the matching circuit at the antenna
feed point as well as a change 1n impedance at the parasitic/
ground junction on the parasitic coupled to the antenna
clement. Proper design of the matching circuit 1s required to
synchronize the impedance requirements of the matching
circuit with the impedance requirements for the band switch-
ing function. A tunable inductor can be used in place of the
tunable capacitor or 1n conjunction with the tunable capaci-
tor.

Now turning to the drawings, FIG. 1 illustrates a block
diagram of a reconfigurable active antenna system utilizing
a Modal antenna and Antenna Tuning Module (ATM).
Multiple feed lines connect the ATM to the antenna structure
and multiple parasitic elements are coupled to the antenna
structure to alter the frequency response of the antenna.
Additionally, multiple parasitic elements are positioned in
proximity to the antenna to alter the radiation mode of the
antenna to provide a variable radiation pattern. ATM mod-
ules are used to populate the ATM to provide a repeatable,
systemic approach to activating a large number of feed and
ground connections. An algorithm to control the reconfigu-
rable active antenna system resides in the processor with
control signals being supplied from the processor to the
ATM.

FIG. 2 illustrates a reconfigurable active antenna system
utilizing a Modal antenna and ATM (Antenna Tuning Mod-
ule). An algorithm to control the active antenna system
resides 1n the processor with control signals being supplied
from the processor to the ATM.

FIG. 3 illustrates a reconfigurable active antenna system
utilizing a Modal antenna and ATM, with the algorithm
resident 1 the ATM. Input signals from the baseband
processor are supplied to the ATM.

FIG. 4 1llustrates a reconfigurable active antenna system
comprising a Modal antenna which utilizes two parasitic
clements: parasitic 1 is positioned beneath the IMD antenna
and 1s used to alter the frequency response of the antenna;
parasitic 2 1s positioned 1n proximity to the IMD antenna and
1s used to alter the radiation pattern of the IMD antenna. A
multi-port RF switch with various impedance loadings on
the ports 1s connected to each parasitic element. An active
component, 1n this case a tunable capacitor, 1s attached to the
feed point of the IMD antenna, between the IMD antenna
and the transceiver, and 1s used to alter the impedance match
of the IMD antenna. An algorithm embedded 1n the proces-
sor sends control signals to the active components to adjust
the tuning of the antenna.

FIG. § illustrates a generalized reconfigurable antenna
system comprising a Modal antenna which utilizes multiple
parasitic elements, positioned both beneath the antenna
structure for altering the frequency and in proximity to the
antenna to alter the radiation mode. ATM modules are
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connected to each parasitic to provide dynamic tunming of the
impedance at the parasitic. Multiple feeds are integrated into
the antenna design and connected to the transceiver with
tunable components at the feed points to provide dynamic
tuning of the antenna impedance. An algorithm embedded 1n
the processor sends control signals to the active components
to adjust the tuning of the antenna.

FIG. 6 illustrates a generalized reconfigurable antenna
system comprising a Modal antenna which utilizes a first
parasitic element positioned both beneath the antenna struc-
ture for altering the frequency, and a second parasitic
clement 1in proximity to the antenna to alter the radiation
mode. Both first and second parasitic elements have multiple
active components which are used to separate sections of the
conductor forming the parasitic element. The active com-
ponents are used to connect or disconnect sections of the
conductor, providing a capability to increase or decrease the
length of the parasitic element. The active components can
be switches, tunable capacitors, tunable inductors, diodes, or
other components. Multiple feeds are integrated into the
antenna design and connected to the transceiver with tunable
components at the feed points to provide dynamic tuming of
the antenna impedance. An algorithm embedded i1n the
processor sends control signals to the active components to
adjust the tuning of the antenna.

FIG. 7 illustrates three active antenna techniques that can
be implemented individually or combined to assemble a
more capable antenna system. A modal antenna 1s shown
which provides the ability to change the radiation pattern of
the Modal antenna. A band-switched antenna configuration

1s shown which provides the ability to dynamically tune the
antenna radiator. An active matched antenna 1s shown
wherein the impedance characteristics of the antenna can be
dynamically altered.

FI1G. 8 illustrates a generalized n-port ATM where the feed
and ground connections can be dynamically altered to
optimize antenna performance. Control signals from algo-
rithm drive the ATM function.

FIG. 9 illustrates a reconfigurable antenna topology
wherein a multi-port switch 1s coupled to a radiator to form
a Pifa or IMD element. Coupling a component at G2
provides a fixed ground connection; GG1 1s an active ground
connection that can be altered dynamically. Both G1 and G2
can be active ground connections that can tune to alter
antenna performance.

FIG. 10 1illustrates a reconfigurable antenna topology
wherein two ground connections are configured on an
antenna with a tunable capacitor coupled to ground G1. The
tuning module contains a tunable capacitor and 4 port
switch.

FI1G. 11 illustrates a four antenna system configured to use
the same tunable capacitor to tune the antenna. A four port
switch connects the antenna intended for use to the tunable
capacitor and the transceiver.

FIG. 12 1llustrates a two antenna system configured to use
the same tunable capacitor to tune the antenna. A two port
switch connects the antenna intended for use to the tunable
capacitor and the transceiver.

FIG. 13 1illustrates a reconfigurable antenna topology
wherein a multi-port switch provides the capability of con-
necting or disconnecting a ground connection to the antenna,
resulting in a monopole or Pifa type radiators. Additional
ports of the switch can be reactively loaded to tune the
antenna to different frequency bands or impedance states. A
tunable capacitor 1s included to provide optimization of the
antenna.
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FIG. 14 illustrates a reconfigurable antenna topology
wherein a multi-port switch provides the capability of vary-
ing the length of a radiating element, resulting in an antenna
that 1s optimized at several frequencies. An example use case
1s a combination GPS and Bluetooth antenna, where an
additional length of conductor 1s connected to an existing
conductor to reduce the frequency of operation of an antenna
for GPS functions. Additional ports of the switch can be
reactively loaded to tune the antenna to different frequency
bands or impedance states. A tunable capacitor 1s included to
provide optimization of the antenna.

FIG. 15 illustrates a reconfigurable antenna topology
wherein a multi-port switch 1s coupled to the antenna to
provide the capability of varying electrical length of the
ground connection. A tunable capacitor 1s coupled to the
antenna at the feed point to provide for dynamic tuning of
the antenna.

FIG. 16 1illustrates a reconfigurable antenna topology
wherein a two-port switch 1s coupled to the antenna to
provide the capability of selecting two feed locations. A
tunable capacitor 1s coupled to the ground connection of the
antenna; a passive connection 1s also available to provide
two options for aflecting a ground connection.

FIG. 17 1llustrates a techmque which provides dual use of
a tunable capacitor. The tunable capacitor 1s attached to the
matching circuit in a shunt configuration; a transmission line
1s connected across the ends of the tunable capacitor, with
the opposing end of the transmission line connected to
portions of a parasitic element positioned beneath an IMD
antenna. The tunable capacitor, when connected 1n this
fashion, will provide the capability of altering the 1imped-
ance of the matching circuit connected to the feed point of
the IMD antenna while simultaneously altering the 1imped-
ance loading of the parasitic element, which will in turn
adjust the frequency response of the IMD antenna.

FIG. 18 1llustrates the technique shown 1n FIG. 16 with
the addition of an inductor at the junction of the transmission
line and the parasitic element beneath the IMD antenna. The
addition of an inductor of the proper value provides the
capability of shifting the frequency response of the IMD
antenna 1n an opposite fashion compared to the antenna
configuration shown in FIG. 17.

FIG. 19 illustrates a method of dielectric loading the
antenna 1n the region between the antenna and the parasitic
clements positioned beneath the antenna. Implementing a
solid block of dielectric also provides a method of mechani-
cal support of both the antenna element and parasitic ele-
ments. A separate dielectric block 1s used to support an oflset
parasitic element used to alter the radiation patterns of the
antenna. A single module contains all active and passive
components to provide the active antenna functions of the
antenna.

FIG. 20 1illustrates a method of dielectric loading the
antenna 1n the region between the antenna and the parasitic
clements positioned beneath the antenna, wherein two dii-
terent dielectrics are used to. Changing dielectric constant of
the material 1n portions of the region between the antenna
and the parasitic elements provides an additional parameter
for optimizing the antenna performance. Implementing a
solid block of dielectric wherein two or more diflferent
dielectric constants are implemented also provides a method
of mechanical support of both the antenna element and
parasitic elements. A separate dielectric block 1s used to
support an oflset parasitic element used to alter the radiation
patterns of the antenna. A single module contains all active
and passive components to provide the active antenna func-
tions of the antenna.




US 10,355,358 B2

9

FIG. 21 1llustrates an integrated method of fabricating an
active antenna wherein the module containing active and
passive components 1s attached directly to the dielectric
support structure of the antenna. The dielectric support for
the antenna has two different dielectric materials 1n the
region between the antenna and the parasitic elements
positioned beneath the antenna. Changing dielectric constant
of the material 1n portions of the region between the antenna
and the parasitic elements provides an additional parameter
for optimizing the antenna performance. Implementing a
solid block of dielectric wherein two or more different
dielectric constants are implemented also provides a method
of mechanical support of both the antenna element and
parasitic elements. A separate dielectric block 1s used to
support an offset parasitic element used to alter the radiation
patterns of the antenna. A second module, which contains
active and/or passive components used with the offset para-
sitic element, 1s attached directly to the dielectric support
structure of the parasitic element.

In another embodiment, an antenna 1s coupled to a module
configured for switching and tuning the impedance of the
antenna ground connection, the module can be referred to
herein as an “ST Module™ referring to the ability to switch
and tune the antenna ground connection. FIG. 22 shows an
antenna architecture including an antenna, and ST Module at
a first ground connection, a second ground connection; and
a tunable component for matching the feed point of the
antenna. The ST Module 1tself can be configured 1n accor-
dance with a mynad of architectures as can be understood by
those having skill in the art, for example two, three, four, or
“N” switchable ports can be provided with each port having
a distinct load. The switch selects the port of the plurality of
ports for providing the desired load. A tunable component,
for example a tunable capacitor, 1s configured in shunt to the
antenna port of the switch for tuning the reactance at the
module. Thus, the ST module provides a switchable and
tunable antenna ground connection.

FI1G. 23 shows the ST Module of FIG. 22 1n further detal.
In the illustrated embodiment, the ST Module comprises a
five port switch, wherein one of the ports 1s configured to
terminate the antenna with a 50 ohm load, effectively turning,
the antenna ofl. This load will disconnect the antenna from
the transceiver.

In yet another embodiment, an antenna 1s coupled to a
module configured for switching and tuning the antenna
ground connection similar to the ST Module, and 1s further
configured with an additional tunable component capable of
servicing a variety of additional applications, such as imped-
ance matching the antenna, or tuning an additional antenna;
this module can be referred to herein as an “STT Module™.
FIG. 24 1llustrates an example antenna architecture wherein
an antenna 1s coupled to an STT Module 1n a similar fashion
as described above, and a second ground or reference. In the
illustrated example, the second tunable component 1s con-
figured for tunable matching, though 1t would be recognized
by those having skill in the art that this additional tunable
component may be used for any purpose, including tuning
the illustrated antenna, another antenna, or any other device
or component which can utilize a tunable cap. The second
tunable component 1s contained within the ST'T Module and
configured for coupling with the antenna feed point during
installation within a communication device.

Thus, FIG. 24 1llustrates an STT Module, similar to the ST
Module, above, and further configured with a second tunable
capacitor within the module to provide the capability of
tuning the antenna impedance at the feed point as well as
provide a switchable and tunable capacitor circuit for alter-
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ing the impedance of the ground connection. This provides
an additional degree of freedom compared to a typical
tunable matching circuit where one or two tunable capaci-
tors are configured to impedance match the antenna. The
topology proposed here provides the ability to tune both the
feed and ground connections ol an antenna simultaneously.
The result 1s an RFIC where band switching (alter imped-
ance ol the ground connection) and 1mpedance matching
(the tunable capacitor for the feed connection) are imple-
mented.

FI1G. 25 illustrates the STT Module in further detail,
which comprises a five port switch having four distinct ports
(labeled RF ports) and a termination load (50 Ohms) for
terminating connection with the transceiver; a first tunable
component, for example a tunable capacitor, coupled to the
switch and the antenna in shunt; and a second tunable
component with an open lead for connecting to the antenna
feed point, another antenna, or another device requiring a
tunable reactance

Thus, 1n an embodiment an antenna with one or more feed
connections and one or more ground connections 1s
described. A single integrated circuit configured to provide
a tunable capacitor which can be connected to the feed
connection of the antenna. A multi-port switch 1s configured
to connect to one or more of the ground connections of the
antenna. A tunable capacitor 1s connected to one of the
switch ports to provide the capability of altering the imped-
ance of the switch port.

What 1s claimed 1s:
1. A reconfigurable multi-mode active antenna system,
comprising;
a modal antenna, the modal antenna comprising:
an antenna radiating element positioned above a circuit
board forming an antenna volume therebetween, the
antenna radiating element comprising one or more
feed connections,
one or more first parasitic elements positioned within
the antenna volume for varying a frequency response
of the model antenna, and
one or more second parasitic elements positioned out-
side of the antenna volume and adjacent to the
antenna radiating element for steering a radiation
pattern of the model antenna; and
an antenna tuning module coupled to each of: the modal
antenna, a processor, and one of: a recerver, transmitter
or transcelver;
the antenna tuning module comprising:
at least one first tunable capacitor, the at least one {first
tunable capacitor configured to couple with one of
the one or more feed connections of the modal
antenna, wherein the at least one first tunable capaci-
tor 1s coupled with a first ground connection, at least
one end of the at least one first tunable capacitor 1s
coupled to a transmission line that 1s coupled to a
portion of the one or more {irst parasitic elements,
and
a first multi-port switch, the first multi-port switch
configured to selectively couple one of the first and
second parasitic elements of the modal antenna with
one of a plurality of second ground connections,
cach of the plurality of second ground connections
having a distinct conductor length such that the first
multi-port switch 1s adapted to vary conductor length
selected from the plurality of second ground con-
nections for coupling with the one of the first and
second parasitic elements of the modal antenna.
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2. The antenna system of claim 1, said antenna tuning
module further comprising: a second multi-port switch, the
second multi-port switch configured to couple with another
of the plurality of second ground connections of the modal
antenna, wherein a second tunable capacitor 1s connected to
one ol a plurality of second ports of the second multi-port
switch for varying an impedance thereof.

3. The antenna system of claim 2, wherein the first
multi-port switch 1s coupled to a first ground connection of
the plurality of second ground connections associated with
one of the first parasitic elements, and wherein the second
multi-port switch 1s coupled to a second ground connection
of the plurality of second ground connections associated
with one of the second parasitic elements.

4. The antenna system of claim 2, wherein the at least one
first tunable capacitor, first multi-port switch, and second
multi-port switch 1s further coupled to the processor via
control lines extending therebetween.

5. The antenna system of claim 4, comprising an algo-
rithm resident 1n said processor, the algorithm configured to
determine a tuning state for the at least one first tunable
capacitor, first multi-port switch, and second multi-port
switch, wherein upon determining the tuning state for a
given period of time, the processor 1s configured to send
control signals via said control lines for reconfiguring the
tuning state for the at least one first tunable capacitor, first
multi-port switch, and second multi-port switch of the
antenna tuning module.

6. The antenna system of claim 5, wherein upon recon-
figuring the at least one {first tunable capacitor, first multi-
port switch, and second multi-port switch, the modal
antenna 1s configured in one of a plurality of possible
antenna modes for providing a desired impedance match,
radiation pattern and frequency response of the antenna.

7. The antenna system of claim 1, wherein each port of the
multiport switch comprises a distinct load, said load 1nclud-
ing a capacitive load, inductive load, resistive load, or a
combination thereof.

8. The antenna system of claim 7, wherein one of said
ports comprises a fixed load.
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9. The antenna system of claim 8, wherein one of said
ports 1s configured to be coupled with a resistive load greater
than or equal to fifty ohms.

10. The antenna system of claim 7, wherein one of said
ports comprises a variable load.

11. The antenna system of claim 1, wherein the processor
1s housed within a volume of the antenna tuning module.

12. The antenna system of claim 1, wherein the at least
one {irst tunable capacitor and second parasitic elements are
coupled to a distinct multi-port switch configured to vary a
load associated therewith.

13. The antenna system of claim 1, wherein a second
tunable capacitor 1s connected to one of the plurality of
second ground connections.

14. A reconfigurable multi-mode active antenna system,
comprising:

a modal antenna, the modal antenna comprising:

an antenna radiating element positioned above a circuit
board forming an antenna volume therebetween, the
antenna radiating element comprising one or more
feed connections,

one or more lirst parasitic elements positioned within
the antenna volume for varying a frequency response
of the model antenna, and

one or more second parasitic elements positioned out-
side of the antenna volume and adjacent to the
antenna radiating element for steering a radiation
pattern of the model antenna; and

an antenna tuning module coupled to each of: the modal

antenna, a processor, and one of: a recerver, transmitter
or transceiver; and

the antenna tuning module comprising at least one first

tunable capacitor, the at least one first tunable capacitor
configured to couple with one of the one or more feed
connections of the modal antenna, wherein the at least
one first tunable capacitor 1s coupled with a first ground
connection, at least one end of the at least one first
tunable capacitor 1s coupled to a transmission line that
1s coupled to a portion of the one or more first parasitic
clements.
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